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Abstract 
The electronic circuitry described in this report was developed to complement 
an aluminum oxide detector of high sensitivity which has been proposed for 
investigating the water content of the Martian atmosphere and/or surface. The 
detector and electronics constitute an instrument that has many advantages, some 
of which are small size (less than 36 in3), light weight (approximately 0.8 lb), 
low power requirements (less than 0.4 W), and digital data output without the 
need of an analog-to-digital converter. 
The theory of operation is described qualitatively, and a quantitative relationship 
is developcd between watcr vapor eonccntration and thc output signal of the instru- 
ment. The effects of temperature arc treated and a brief analysis of the system 
power supply is discussed. 
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Electronics for a Martian Water Vapor Detection System 
in digital form, the aluminum oxide water detector is 
utilized as one element of a bridge circuit. When the 
bridge circuit is driven at the appropriate frequency, 
the reactance of the detector is the proper value to bal- 
ance the bridge. By monitoring this frequency, or cor- 
'Franzgrote, E. J., and Ghleck, D. J,, internal communication to 
the National Aeronautics and Space Administration on the mea- 
1. Introduction responding count rate, one can determine the capacitance 
of the detcctor and thereby know the water vapor con- 
centration. This technique has the advantage of not re- 
weight, volume, and power. 
The electronics described in this report were developed 
which has been proposed for investigating the water con- 
tent of the Martian atmosphere and/or surface.' 
to a water vapor detector Of high sensitivity quiring an analog-to-digital converter and thereby I 
The detector, which was developed and is manufactured 
by Parametrics, Incorporated, of Waltham, Massachusetts, 
consists of a thin sheet of aluminum that is anodized by 
a special procedure to provide a porous oxide coating. A 
gold layer is evaporated on the oxide to form the outer 
electrode. The element senses absolute water vapor con- 
centration. For low water vapor concentrations, the de- 
tector has the property of a capacitor whose capacitance 
changes as a function of the water vapor present. 
The material of this report has been organized, first, to 
describe the general nature and function of the system 
qualitatively. This description is followed by an analysis 
of some of the more significant design considerations. 
I I .  General Description of the System 
Figure 1 is a block diagram of the proposed Martian 
water vapor detection system, which can best be char- 
acterized as a null-seeking device. The bridge circuit, 
which contains the water vapor detector, whose capaci- 
tance is Cz, is of principal importance in determining the 
key performance characteristics of the system, such as 
sensitivity and frequency range. Considering the bridge 
as two divider networks, one composed of R,, and RZ3,  
the other being C, and RZ1, it becomes apparent that 
for the amplitudes of the two signal voltages es and eR to 
remain equal, the reactance of the aluminum oxide de- 
tector must be a constant. Since the capacitance of the 
detector changes as a function of water vapor, the fre- 
quency of the signal driving the bridge (e,,) must vary 
inversely with the changing capacitance. 
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Fig. 1. The Martian water vapor de.xtion system 
To compare the signals (e, and e,) developed by the 
two divider actions, they must first be rectified and filtered. 
This is a necessity if the resulting error signal is to effect 
a change in frequency that can be meaningfully related 
to a change in the detector capacitance (refer to Sec- 
tion 111-C, Processing the Error Signal, for details). 
The error signal E is amplified by the negative gain 
(considering V R  as a reference) of the differential amplifier 
and is applied to the voltage control terminal of a voltage- 
controlled oscillator (VCO). If the control voltage becomes 
more positive, the frequency of the oscillator rises; if the 
control signal becomes more negative, the frequency 
lowers. 
To illustrate how the system works, assume that C, 
becomes larger as the result of an increased water vapor 
concentration. This would temporarily cause the reactance 
of the detector C, to be smaller, thus making E more 
positive (with respect to V R ) .  With E more positive, V, 
would become more negative, which would lower the 
frequency of the VCO. The lowered frequency would 
increase the reactance of C,, and the voltage across the 
differential amplifier (input E) would approach null. 
' 
The VCO employed in this system utilizes the current- 
variable dynamic resistance of forward-conducting silicon 
diodes to provide the means of varying the frequency of 
a Wien bridge oscillator. Since the forward-conduction 
characteristics of the diodes are very nonlinear, the sig- 
nals developed across them must be kept at a low level 
or severe distortion will result. Because of the low output 
level of the VCO, it is necessary to further amplify this 
signal with the ac amplifier designated A1 in Fig. 1. 
The voltage from amplifier A1 (designated e,) is used 
in three ways: 
(1) It is fed into a squaring amplifier, in which form 
it may be sampled for an accurately fixed period 
of time by the data automation equipment (DAE) 
to provide data than .can be interpreted as water 
vapor concentrations. 
(2) It is rectified and used to control the negative 
feedback of the Wien bridge oscillator SO that 
the dynamic variations of the control diodes and the 
changing reactance of the tuning capacitors can 
be compensated for as frequency is changed. 
(3) It is used to drive the bridge circuit composed of 
the aluminum oxide detector, R21, R22, and R23. 
If the water vapor detection system were used as a 
flight instrument, it would be desirable to have a cali- 
brated capacitor that could be switched in substitution 
for the aluminum oxide detector. This would provide a 
means of assuring that the system was working properly. 
By using a single-pole double-throw reed switch, which 
would normally close on the aluminum oxide detector 
terminal, power need be consumed only for the short 
time necessary to read out the frequency in the calibrated 
capacitor position. 
The power supply designed for this instrument pro- 
vides a nominal - ~ 1 8  V. The primary emphasis in the 
design was economy of parts and good regulation against 
temperature and input voltage variation. Because the 
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' power required by the water detection electronics is ex- 
tremely small (125 mW), the power supply is inherently 
inefficient. The overall efficiency for the current limiter, 
power converter, and voltage regulator is approximately 
32%. The worst deviation for either of the two output 
voltages, when changing the input voltage from 21 to 
47 V, is 8 mV or 0.044%. Over the temperature range 
of -60 to +lOO"C, the temperature coefficient of regu- 
lation is O.O02%/"C or better. The current limiter limits 
the maximum current to 60 mA. 
111. Theory of Operation and Performance 
The material that follows will deal more specifically 
with the theory of operation and performance. The areas 
to be discussed will include the following: 
The relationship between water vapor concentra- 
tion and frequency. 
The performance of the electronics as a function of 
temperature. 
The method used in processing the error signal 
from the bridge circuit. 
Design considerations in the power supply. 
A. Water Vapor Concentration and Frequency 
In this section the theoretical relationship between 
water vapor concentration and frequency will be devel- 
oped, discussed, and compared with measured results. 
Figure 2 shows the relationship of the impedance of a 
typical detector vs frost/dew point.2 The accuracy of the 
calibration is repeatable to +2"C and the curve is linear 
for frost points below -20°C. In the linear portion of 
the curve, the impedance of the detector is similar to 
pure capacitive reactance. Since the frequency at which 
the calibration was made is known to be 200 cps, the 
impedance may be written in terms of its capacitance, as 
is shown in Fig. 2. Because the curve is linear in the 
region of interest, Eq. (1) can be written as 
(1) 
1 
C ,  
F = -1.83 X l@'pF X "C- + 7°C 
'Potential Planetary Atmosphere Sensors: The Kryptonate Oxygen 
Detector and the Aluminum Oxide Hygrometer, Final Report, 
JPL Contract 950684. Parametrics, Inc., Waltham, Mass., Dec. 
1964. 
CAPACITANCE C,. pF 
Fig. 2. Typical aluminum oxide calibration curve of 
frost/dew point vs impedance 
(for F < -2O"C), where F is the frost/dew point in "C 
and C,  is the capacitive value of the aluminum oxide 
detector in picofarads. 
Having established a relationship between the dew 
point and capacitance for this particular detector, a rela- 
tionship will now be established between capacitance C, 
values in the bridge circuit of the water vapor detection 
instrument and corresponding frequencies. 
To aid in this discussion, Fig. 1 has been redrawn and 
simplified as Fig. 3, with appropriate notations to clarify 
references that will be made in the development of the 
capacitance-frequency relationship. Figure 4 is a sche- 
matic of the actual circuit. 
Assuming that H is a linear transfer function relating 
output frequency (O in radians per second) to input con- 
trol voltage V, (in volts), then 
where 
V, = V, + A, E (3) 
3 JPL TECHNICAL REPORT 32-1 I14 
K ,  = the divider ratio fixed by the aluminum 
oxide detector and resistor R2,,  and is ex- 
pressed as 
In order to greatly simplify the mathematics, advantage 
will be taken of the fact that the reactance of thc dctcc- 
tor (C,) is maintained approximately constant. On the 
basis of this consideration, K ,  will be written as 
where 
i 
Fig. 3. Simplified block diagram of the water vapor 
detection system 
and V,> is the voltage the differential amplifier’s output’ 
would be if the differential input voltage were zero, while 
A, is the voltage gain of the differential amplifier, and E 
is the error signal input to the differential amplifier. 
will be assumed a constant. 
Substituting Eq. (5) into (4), (4) into (3) and (3) into 
(2) results in 
Rearranging and solving for w yields 
The error signal can be expressed as 
where 
Rv:, 
R,,  + R,:, K R  = 
E,, = peak output voltage from the ac ampli- 
fier A l ,  which drives the bridge circuit 
containing C, 
VNE,,,  VIjb,.” = the base-emitter voltages of transistors A 
and B of Q9 and are approximately equal 
to 0.6 V for a silicon transistor. 
To gain more insight into the opcwitioii of the system, 
some simplifying approximations arc in order. First it 
may be assumcd that 71 I = ~ 1 1 ~  and that V,,h;., = V1lb;It, 
which allows Eq. (6) to be written as 
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Assigning typical values to the qiiantities in Eq. (7), 
such as 
H = 640Hz/V 
A, = 10,000 
r]R = 0.5 
E ,  = 5.5 V 
RS1 = 8.25 ka 
C, = 4000 p F  
v, = 3.0 v 
K, = 0.45 
y = 1.12 
it can be seen that 
which allows Eq. (7) to be written as 
Again substituting the typical values listed, observe that 
which allows a final expression of 0 to be written in 
terms of C, that is, in the relatively simple form of 
(9) 
13y substituting the typical values listed earlier, Eq. (9) 
can be written 
where C,  is in picofarads. 
Figure 5 is a plot of Eq. (10) and data taken from a 
breadboard circuit, whose component values are those 
shown in Fig. 4. A decade capacitance box was used to 
simulate the capacitance of the aluminum oxide detector 
5000 
4500' 
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>* 
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3 
O 
W 
[L 
LL 
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2000 
1500 
IOOC I I I I I 
300 3000 4000 5000 6000 7000 BOO0 
CAPACITANCE, pF 
Fig. 5. Theoretical and measured capacitance-frequency 
relationships 
for the data taken. Table, 1 gives the experimental data 
plotted and thc corrcyonding frcqucmcies calculated 
from Eq. (10). These rewilts indicate that the actual 
curve is in good corrcblation with the, idealized theoretical 
curve and that a lincur rc,lationship will exist between 
frequency and frost point. This can be shown when 
Eq. (1) is combincd with Eq. (lo), resulting in 
F = 18.5 x 10 ' oc/rrzf  I 7°C (11) 
The noted deviation bctwcwi the theorctical and mea- 
sured rcsults can largcly be accounted for by (1) decreas- 
ing loop gain a s  a function of increasing frequency and 
(2) the inaccuracy of thc assumption that the y term, 
occurring in Eq. (Y),  is a constant. 
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Table 1. Experimental data and corresponding 
frequencies 
Frequency, Hz 
C=r PF 
2029.6 
2530.8 
3037.5 
401 6.0 
5045.2 
6041.4 
703 1.3 
8041.5 
Measured lfu) 
Referring to Eq. (7), the 
Calculated lfc) 
4852 
3892 
3242 
2453 
1952 
1631 
1401 
1225 
Percentage 
deviation 
- 100 ' fc - fm 
\ fa i 
+7.4 
+4.9 
+3.3 
+1.6 
+ O S 2  
-0.1 2 
- 0.64 
-1.1 
loop gain of the system is 
given by 
From Table 1, observe that when the frequency changes 
from 1238 to 4520 Hz, the capacitance of Cx decreases 
by a factor of four; thus the loop gain G is decreased to 
one-quarter of its original value. 
In the derivation of the frequency expression (Eq. 9), 
the assumption was made that the transfer function H 
of the voltage-controlled oscillator was a constant, and, 
this being so, that a linear relationship between control 
voltage and frequency existed. Figure 6 is a plot of mea- 
sured VCO frequency and H versus control voltage, 
showing this assumption not to be accurate. Note that H 
decreases by more than 3% times as the frequency 
changes from 1238 to 4520 Hz. 
Thus, over the indicated frequency range, the loop 
gain is decreased by a factor of 14 or more. 
Gamma, which was assumed to be a constant for pur- 
poses of simplifying the derivation of Eq. (9), is given by 
where o = 2hf rad/sec. 
Using this equation and the measured data from 
Table 1, we can calculate the results shown in Table 2. 
5000 
4500 
4000 
3500 
N 
I 
3000 
i 
0 z w 
3 
0 E 2500 
L 
2000 
1500 
1000 
500 
CONTROL VOLTAGE V, V 
Fig. 6. Frequency and H as a function of control voltage 
Table 2. Variations of y as a function of frequencya 
2030 
2531 
3037 
4016 
5045 
6041 
703 1 
8042 
1, HZ 
4520 
371 0 
3140 
2415 
1942 
1633 
1410 
1238 
wR,, C, 
0.472 
0.485 
0.490 
0.501 
0.505 
0.509 
0.51 2 
0.51 2 
1.12 
1.12 
1.12 
I I *Data taken at 25OC. 
Since y appears in the closed-loop expression of Eq. (9), 
y will account directly for a -2% deviation from the 
idealized theoretical frequency at 4520 Hz. 
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Table 3. Instrument calibration and frequency deviation as a function of temperature 
-2ooc 
$4 
f 5  
$6 
4-8 
$10 
f l 5  
+ 22 
$36 
I 
QaC 
+3 
$4 
t 5  
+7 
+ 8  
$1 1 
$16 
+ 24 
I At, Hr 
+50"C 
Cz, PF 
$75OC +lOO"C 
8042 
703 1 
6041 
5045 
401 6 
3037 
2531 
2030 
$13 
+21 If40 -3 -4 - 5  - 5  - 5  0 $10 $33 
f,,,, HZ 
(reference 
at 25°C) 
1238 
1410 
1633 
1942 
2415 
3140 
371 0 
4520 
B. Performance vs Temperature 
With the temperature extremes of ablative heating and 
Martian cold as design considerations, this instrument 
has been designed to operate over the range of -60 to 
+100"C. A capacitance decade box was used to simu- 
late the aluminum oxide detector so that the performance 
of the electronic circuitry could be isolated. Table 3 gives 
(1) the results of a calibration relating instrument fre- 
quency to a detector capacitance and (2) the frequency 
deviations that result as a function of temperature. 
Two additional calibrations were performed, with the 
data taken in the same manner as the data of Table 3. 
These data, which demonstrate the repeatability of fre- 
quency deviation vs temperature, are shown in Table 4. 
Thus, if the temperature of the instrument is known, 
the calibration of the electronics, at any temperature 
in the range of -60 to +100"C, can be reproduced to 
within 0.2%. 
The thermal deviations that have been noted can be 
attributed primarily to the VCO frequency control diodes 
(designated D3 and D4 in Fig. 4), the AGC field effect 
transistor 44, and the gain changes in the differential 
amplifier. 
Of these three sources of frequency change, the VCO 
frequency control diodes are of particular interest. 
Figurc 7 depicts the typical behavior of the diodes as a 
function of temperature. For a given change in tempera- 
ture, the diode curve experiences a greater voltage dis- 
placement at the knee than it does in the higher current 
regions. For this reason, the dynamic resistance of the 
Af, HZ 
- 5  - 5  
- 5  1 f I -6 
-12 - 23 
-19 1 I: 1 -41 
Maximum 
deviation, yo 
( A f / f X  1001 
-0.65 
-0.64 
-0.62 
-0.57 
-0.58 
-0.64 
-0.67 
- 0.90 
VOLTAGE --+ 
Fig. 7. Thermal characteristics of the VCO frequency 
control diodes 
diodes (du/di)  is characterized by a positive temperature 
coefficient. 
For a Wien l,ridgc> oscillator of the type used in this 
instrument, the frequency f is determined by the time 
constant 
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+ 2  
+ 1  
+ l  
0 
-2 
-3 
-1 
$ 1  
Table 4. The repeatability of frequency deviation vs temperaturea 
$ 2  
+ 1  
+ 1  
0 
+ 1  
$1 
+ 1  
+3 
8042 
703 1 
6041 
5045 
4016 
3037 
2531 
2030 
a042 
703 1 
604 1 
5045 
401 6 
3037 
2531 
2030 
0 
0 
0 
0 
-1 
-1 
-1 
-1 
Frequency deviation, Hz 
+ 1  
0 
0 
+ 2  
+ 1  
+ 1  
+3 
+3 
- 6 0 ° C  
From -bo  to 0 ° C  
- 2 0 ° C  I -4O 'C  
From + 2 5  to +lOO"C 
+ 5 O o C  I + 7 5 " C  +lOOOC 
Max 
tAf/fiI, 70 
$0.16 
+0.07 
+0.06 
+O.lO 
-0.09 
-0.10 
+0.08 
+0.07 
$0.08 
-0.14 
+0.06 
t o . 1 0  
s0.13 
+0.16 
+0.14 
+O.ll 
owhere fi-fi i s  the frequency deviation between the first and second calibration, and fi-fr i s  the frequency deviation between the first and third calibration. The data 
h. fa. and fa were taken on three successive days. 
These terms are defined in the block diagram of Fig. 8. 
Through the use of forward-conducting diodes for rA 
and rB, the frequency is controlled by operating at the 
appropriate point on the diode curve. As the diode 
curve H of Fig. 7 shows, operation at point X produces 
a lower frequency than operation at point Y, since the 
slope at Y is greater than it is at X. 
For a given water vapor concentration, the aluminum 
oxide detector will assume a capacitance C, having one 
characteristic frequency at a given temperature. Assume 
that this temperature is the one that produces diode 
curve H of Fig. 7. If the temperature then decreases SO 
as to modify the diode curve to the new shape of diode 
curve C,  the VCO would temporarily want to operate 
at a different frequency because of the decreased re- 
sistance in rA. But the new frequency would unbalance 
the bridge containing C,, creating an error voltage. This 
error voltage is then amplified by the differential ampli- 
fier and applied to the series combination of R35 and the 
control diodes D3 and D4. The loop thus seeks to return 
to its original frequency, but since an incremental change 
in control voltage is required to change the operating 
point on the diode curve, the new steady-state frequency 
will be in error by the amount necessary to provide that 
increment. 
Referring to Fig. 7, it will be seen that the magnitude 
and sign of the error signal depend on (1) which 
determines the slope of the load line, (2) the region of 
the curve, which determines the frequency, and (3) the 
shape of the diode curve, which generally varies from 
one diode to the next. 
First, consider operating at point X, (low-frequency 
case). When the temperature has decreased to TP, the 
JPL TECHNICAL REPORT 32-71 74 9 
(01 BLCCK DIAGRAM 
 
I I-+ 
I 
(b) ALTERNATE REPRESENTATION 
I. 
Fig. 8. The Wien bridge oscillator 
diode current must bc, decreased so a s  to allow operation 
at point X(.. If R:,:, is chosen to require operation along 
load line 1, the error signal must cause the control voltage 
to increase from (V,),, to (V,),,; along load line 2, no 
change in voltage is required; and load line 3 necessitates 
a decrease in voltage from (V,,),, to (V& 
Going up the curve to point Y,, (region of higher fre- 
quency, (V,l)., > (V,l), , with the same change in tempera- 
ture T ,  to T,) requires a larger change in diode current 
to keep V I  at the same value. But now the error signal 
is required to decrease the control voltage, regardless 
of which of the thrrc load lines is chosen. It should be 
noted, though, that R , ,  could be chosen small enough 
that the polarity of the error signal could be reversed, 
which corresponds to an incremental frequency change 
of the opposite polarity. 
As a final comment, it should be mentioned that the 
main limitation in minimizing thermal frequency devia- 
tions is dictated by loop gain considerations. It was dis- 
cussed in the previous section that at room temperature 
the loop gain decreases hy a factor of more t h m  14 ir, 
going from the low to the high end of the frequency 
range. Further increases and decreases in loop gain are 
caused by temperature changes. Thus, in making the 
loop tight and minimizing thermal frequency deviation 
at the high-frequency end, the gain and phase margins 
are narrowed at the low-frequency end. 
C. Processing the Error Signal 
In the general description of the instrument, it was 
stated that the bridge voltages e.< and e,, of Fig. 1 must 
first be rectified and filtered before being amplified by 
the differential amplifier. To understand the necessity of 
this requirement, refer to Fig. 9. The vector diagram 
makes use of the fact that voltage across the resistor (es) 
leads the voltage across the capacitor (e,.) by 90 deg and 
that the vector sum of the resistor voltage es and detector 
voltage e,. must remain equal to e,, which is a constant. 
Therefore, from elementary geometry, we know that the 
locus of es describes a semicircle as e,. goes from 0 to e,. 
( a )  BRIDGE CIRCUIT 
R77 
(b)  VECTOR DIAGRAM OF BRIDGE CIRCUIT 
Fig. 9.  Bridge circuit and vector diagram 
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From this construction it can be seen that the error sig- 
nal (e,-es) never approaches null, except for the meaning- 
less case when K R  = 1 and ec = 0. To make null 
possible, only the magnitudes of elf and es must be 
differenced. To accomplish this, es and eR are rectified 
using the base-emitter actions of a matched dual- 
transistor (Q9AB). This technique has two advantages over 
the use of diodes: (1) Only base current need be supplied 
to the transistor (therefore, the rectifying action has 
negligible loading effect), and (2) because the thermal 
changes in VI, ,  are matched, spurious error signals due 
to AVNE are minimized. 
D. The Power Supply 
The power supply provides s 1 8  V. It consists of a 
current limiter, a dc-to-ac converter, a full-wave rectifier 
and filter, and a series regulator. A schematic of the 
system is shown in Figs. 10 and 11. 
The building blocks of the system are of conventional 
design, with primary effort directed towards minimizing 
components while still achieving tight regulation versus 
temperature and input voltage variations. Minimization of 
components was realized by regulating the center tap on 
the primary of the converter, rather than individually reg- 
ulating the k18-V outputs. 
A simplified diagram of the voltage regulator is shown 
in Fig. 12, from which the parameters of main importance 
may be determined, To study these parameters, an ex- 
pression for the output voltage will now be derived. Thus 
where 
I, = a constant current from the constant- 
current source Q5 
the transconductance of the differen- 
tial amplifier (QGAB) 
G,,, 
K = the voltage divider action of R7 and R 8  
E,  = the reference voltage fixed by D12 
Then substituting Eq. (14) into Eq. (13) and solving for 
VI,  results in 
Typical values for these parameters are 
G ,  = 1.1 mA/V 
E ,  = 6.5 V 
y = 0.95 
K = 0.36 
R L  = 1.2 kn 
By substituting these values into Eq. (15), it can be seen 
that 
where 
V p  = the nominal +18 V 
Vpy = the voltage seen at the center tap of 
the converter’s primary 
h,,,, hFE2 = the respective forward transfer ratios 
of transistors 4 3  and 4 4  (Fig. 10) 
RL = the load seen at the center tap of trans- 
former T2, from the primary side 
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Therefore, 
The reference voltage and divider ratio are therefore 
of principal importance in determining the regulation. 
Of secondary importance are the current source and the 
differential amplifier. It should be noted that both E ,  
and I, are functions of Zener reference diodes and that 
these diodes, therefore, are the limiting factors in the 
circuit’s thermal performance. 
1 1  
D 4  I N 4 8 5 0  R 3  IO R 
D2 IN4858 1/2w 30.0 kR 
10.0 kn 
2 N 2 6 0 5  D 5  MCR 
12 I kn 
2NI132 
03 I N 4 8 5 8  HEAT SINK 
2221 
2N2605 
LIMITS 
AT 3 5 m A  
R13 
IoOR 
C 8  R12 I - 4 . 7  pF 62 kn - - 
.:RI 
:* 12 
0 
2 c 7  -- - 1.0 pF 
/-- 
- - - - -- 
I 
D 1 2 h E  
MCR 2221 
DII IN916 - - 
I I 
- - 
2 N 9 3 0  l 
kR 
2 N 6 5 7  
HEAT SINK 
NOMINAL VOLTAGE 17 V 
TRANSFORMER 
TO CENTER 
TAP OF 
CONVERTER 
PRIMARY 
D6 IN916 15 rnH 15 rnH I +17.5V I 
D7 IN916 
CONVERTER 
- 17.5 V 
Fig. 10. Water-detection power conversion and regulator system 
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R 
7 + 2 8 V  
- - 
DI 3 
IN916 
TO CONTROL STAGE 
OF VOLTAGE REGULATOR 
4 
1.5 kn 'I 0 - 
w m  0 07 
PERM ALLOY 80 
e 0 7  -' 
r-' 
I 
I 
I 
I 
I 
L_, 
I TO RECTIFIER 
AND FILTER 
36 in." in a flight configuration. 
In addition to the work that has been described, a 
second-generation version of this system (minus the 
power supply) has been built using integrated circuits. 
Initial observations of its performance indicate that it 
works as well as the discrete-component version, if not 
better. The power required for its operation is compa- 
:: RL ] I K  
- -  rable to that of the discrete-component version, and it is  
Fig. 11. Converter (dc to acl 
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Nomenclature 
A1 ac amplifier I ,  collector current of power supply transistor 45 
A, voltage gain of amplifier A1 K power supply divider ratio of R7 and R8 
A2 differential dc amplifier 
A, voltage gain of amplifier A2 
K ,  
K ,  
bridge divider ratio of R2S and R23 
bridrre divider ratio of C,. and R21 " 
C , capacitance of C7 
C,. 
r., dynamic forward resistance of diode D3 
capacitance of the aluminum oxide water vapor 
detector R ,  power supply reflected load impedance seen at 
the center tap of the primary of transformer T2 instantaneous voltage across the aluminum e,. - 
oxide water vapor detector R21 resistor in bridge circuit R-C divider 
H 
instantaneous output voltage of amplifier A1 R22 resistor in bridge circuit resistive divider 
R23 resistor in bridge circuit resistive divider instantaneous resistive divider voltage 
(err = K ,  e,) 
instantaneous R-C divider voltage (es = K ,  e,)  
peak value of e, 
Vc VCO control voltage 
V, output voltage of A2 for E = 0 
Zener reference voltage of D12 
VCO output frequency 
14 
V p  positive regulated output voltage of system 
power supply 
calibration frequencies as a function of C, at V,t rectified and filtered value of e,( 
V,q rectified and filtered value of e,y 25°C 
incremental change of frequency 
first set of calibration frequencies 
second set of calibration frequencies 
third set of calibration frequencies 
y = [(" R,, C,J t I]'" 
v.l = Vs/(es 11,,1, I .  - VI,,,,) 
E input error signal into A2 
loop gain of the H,O detection ?r 3.14 . . .  
electronics 
VCO transfer function relating output 
frequency f to control voltage V,. 
T., = r, ,  C,. Wien bridge time constant 
frequency in radians/second 
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